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(57)Abstract 

PURPOSE: To simplify the predicting calculation in the 
solidified condition with a mathematical model, to realize 
the improvement of accuracy and to predict the light 
rolling reduction position to a cast slab at high velocity 
based on the predicting result in the solidified condition 
in the high accuracy related to a temp, predicting 
method at unsolidified part in the cast slab, which is 
suitable to use in order to decide the light rolling 
reduction position, at the time of executing the light 
rolling reduction to the cast slab for preventing 
segregation of impurity elements in the center part of 
the continuously cast slab. 
CONSTITUTION: Then, in a mold part, the solidified 
condition of the cast slab 2 is obtd. from a difference 
calculation by applying a heat content-convertion temp, 
method and in a secondary cooling zone, the solidified 
thickness X(t) is obtd. by solving a solidifying velocity 
equation after obtaining the solidifying velocity equation 
by using the result of the difference calculation and 

applying a heat balance equation at solid-liquid interface and an intergrating profile method 
approximating a quadratic equation to the solid phase part temp. The temp, distribution at the 
unsolidified part 2b is assumed so as to satisfy the prescribed boundary condition equation 
using this solidifying thickness X(t), and based on the temp, distribution of this unsolidified part 
2b, the center temp, of the cast slab 2 is predicted. 
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* NOTICES * 

JPO and NCI PI are hot responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the approach of predicting the temperature of the non-solidified part of said cast 
piece on-line during the continuous casting which casts by drawing out a cast piece continuously 
from mold. In said mold part in early stages of coagulation The coagulation condition of said cast 
piece is searched for by count a ******-conversion temperature method — applying — 
difference — in the secondary cooling zone of said cast piece said difference — by solving this 
coagulation rate equation, after asking for the coagulation rate equation of said cast piece with 
the application of the integral profile method which carries out secondary equation approximation 
of the heat balance equation and solid phase section temperature in a solid-liquid interface using 
the result of count The temperature prediction approach of of the cast piece the non-solidified 
part in the continuous casting characterized by assuming the temperature distribution of the 
non-solidified part of said cast piece, and predicting the main temperature of said cast piece 
based on the temperature distribution of this non-solidified part so that it may ask for the 
coagulation thickness of said cast piece and the predetermined boundary condition type using 
this coagulation thickness may be satisfied. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] In case this invention performs the lightly pressurizing to a cast piece 
that it should prevent that impurity elements (for example, carbon, manganese, phosphorus, etc.) 
segregate in the core of a continuous casting cast piece, it is used in order to determine the 
location which should give this lightly pressurizing one, and relates to the suitable temperature 
prediction approach of of a cast piece a non-solidified part. 
[0002] 

[Description of the Prior Art] In the continuous casting which generally casts by drawing out a 
cast piece continuously from mold, the thickness direction core of a cast piece solidifies at the 
end. In this last coagulation part, molten steel constituent concentration, such as C, Mn, and P, 
becomes high, and a segregation arises. 

[0003] Since a segregation becomes the variation factor of mechanical characteristics, such as 
reinforcement, as a means to prevent the main segregation of such a cast piece, the lightly 
pressurizing [ of the cast piece ] is carried out to the coagulation last stage, high concentration 
molten steel, such as C, Mn, and P, is eliminated from a cast piece core, and, generally the 
technique of manufacturing a homogeneous cast piece is performed. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, when performing a cast piece draft, 
based on coagulation information, such as a solidification position, non-solidified thickness, and a 
rate of solid phase, it becomes important to choose pressing-down conditions appropriately. 
However, in continuous casting, since there is fluctuation of the top, a bottom, or casting 
conditions, a coagulation condition always changes. It is necessary to predict a coagulation 
condition with a sufficient precision on-line in order to perform draft control dynamically 
corresponding to such condition fluctuation. 

[0005] as a means to predict a coagulation condition — difference — although count has 
generally been used — difference — in order to establish a count joint in a count cross section 
in count, the processing becomes huge and the online count by a process computer etc. 
becomes difficult by constraint of a computer load. When a count joint and a count cross section 
are reduced so that online count can be performed, count precision falls greatly and it becomes 
impossible on the contrary, to apply to online control. That is, in order to predict a coagulation 
condition on-line and to perform lightly pressurizing control, it is necessary to satisfy count 
precision and improvement in the speed of data processing to coincidence. 
[0006] This invention tends to solve such a technical problem, realizes the simplification of 
prediction count of a coagulation condition and the improvement in precision by the 
mathematical model, and aims at offering the temperature prediction approach of of the cast 
piece the non-solidified part in continuous casting which enabled it to predict the lightly 
pressurizing location to a cast piece at high speed based on the coagulation state-prediction 
result of a high precision. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 
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-2/6-'*- 



temperature prediction approach of of the cast piece the non-sol. drfied part .n 
casting of this invention It is the approach of predicting the temperature of the non so dmed 
Part of said cast piece on-line during the continuous casting which casts by draw.ngouta cast 
ciece continuously from mold. ** said mold part in early stages of coagulation — a ****** 
SSL^t^np^tur. method - applying - difference - count - the « oondrt.cn 
of said cast piece - asking - ** - in the secondary cooling zone of sa.d cast p.ece said 
d^rence - by solving this coagulation rate equation, after asking for the coagulat.on rate 
elation of said" cast piece wrth the application of the integral profile ° Ut 
Secondary equation approximation of the heat balance equat.on and sol.d phase section 
temperaSreTn a solid-liquid interface using the result of count The temperature d.stnbut.cn of 
2e SSSSdHtod part of said cast piece are assumed, and it is charactenzed by pred.ct.ng , £e 
main temperature of said cast piece based on the temperature distnbut.cn of th.s non-sol.dmed 
pTrt so That rt may ask for the coagulation thickness of said cast piece and the predeterm.ned 
boundary condition type using ** this coagulation thickness may be sat.sfied. 

[Function] According to the temperature prediction approach of of the cast piece the non- 
soHdified part in the continuous casting of this invention mentioned above, m th . mol part m 
eariv stages of coagulation The coagulation condition of a cast p.ece .s searched for by count 
sfnce Sange of thecal flux is sharp - a ******-conversion temperature method - applying - 

- dWerence - henceforth [ the seconder cooling zone of a cast p.ece ] since change : of the 
coagulation rate of a cast piece becomes small - difference - the .ntegral profile method 
S carries out secondary equation approximation of the heat balance equation and sohd _ 
phase action temperature in a solid-liquid interface while usin gthe resu ^ of °X r 7 a n e P ^ for 

- a coagulation rate equation - the coagulation thickness of a cast p.ece .s further called for 

mOO^dT^ of the non-solidified part of a cast piece are assumed, 

and \ *e ^ain temperature of a cast piece is predicted based on the temperature distribution so 
"at^e^edetermined boundary condition type using the cal.ed-for coagulation th.ckness may 

[OOloftS '"pole in the mold part in early stages of coagulation - the short section ~ ^-ence 

- in order to calculate . it be necessary to set up somewhat many - m t b h e ^°™ D ;; fi 0 l S e S 
sections but and henceforth [ a secondary cooling zone ] . rt be apply the integral profile 
metiTd which carry out secondary equation approximation of the heat balance equation and solid 
P^aVe section temperature in a solid-liquid interface , and if prediction count of the ooagulat.on 
condition by the mathematical model be simplify simultaneously , suffic.ent pred.ctab.lity be also 
obtain . 

[Example] Hereafter, if a drawing explains the temperature prediction approach of of the cast 
oTeoeTe "on-solidified part in the continuous casting as one example of th.s invention, dr^wmg 
Twin be drawing showing the cast piece model under continuous casting to which th.s approach 
is appKe I an its system of coordinates, and will be set to this dj^wjnjQ ■ It .s the cast p.ece by 
whtch is drawn out to mold and 2 is continuously drawn out from th.s mold 1 m a vertical lower 
part and this cast piece 2 has coagulation partial (solid phase section) 2a gradually formed hn 
connection with drawing out and non-solidified partial (liquid phase section) 2b of the method of 

the drawing-out direction of the .ast^ce 2 from mold 
is drawn horizontally, the longitudinal direction of dr^wjngj. corresponds jn >*• ^£° n * a 
vertical, and the right in drawing 1 has become a vertical lower part. Moreover, tinetiiickness 
(coagulation thickness) of coagulation partial 2a is expressed by the ^^.^^^ 
the direction which sets the outermost shell location of a cast p.ece 2 to 0. and fleets 
perpendicularly with a cast piece thickness center line (alternate long and short das me), and 
seS coagulation thickness in time of day t to X (t). Similarly, the th.ckness <no™^ d 
Sickness) of non-solidified partial 2b is expressed by epsilon shaft wh.ch makes forward the 
SrlSicLts a cast piece thickness center position to 0. and intersects perpend.cu.ar.y 
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with the outermost shell side of a cast piece 2, and sets non-solidif.ed thickness in time of day t 

foOI^The main temperature Tent of non-solidified partial 2 b of a cast piece 2 is ^i^dc>n- 
ine during the continuous casting which casts in this example while drawing out a cast : p,ec ,2 
continuously from mold 1, as shown in dr»_jng_l . Based on the main temperature .of the cas 
piece 2 in the coagulation last stage, the rate of solid phase of a cast piece 2 tends to be got to 
know, it is going to determine the lightly pressurizing location to a cast p.ece 2 and the 
prediction procedure of the main temperature Tent of the non-sol. d.f.ed part.al 2b by th.s 
invention is explained below. . . , 

0014] The mathematical model (coagulation thickness equation) of th.s example is 
first, following the (1) type according to a ******-conversion temperature methoc at theearly 
stages of coagulation, since change of thermal flux is sharp m near sect.cn [ of mold 1 ] ** 
aDDlving - difference - it asks for the temperature distribution of the coagu at.cn condition 2 
Ta cast piece 2. i.e., a cast piece, and the coagulation thickness X by count (the liquid phase 
and solid phase). In addition, in this example, thermal flux shall be g,ven w.th the *™*™<**~ 
distance from a casting rate and a meniscus location on the occas.on of count of sect.cn **. 
[0015] - 
[Equation 1] 

dt dx 2 

[0016] Here, conversion temperature (physical-properties value which ch ^ d J^ 3 ' 
conductivity into temperature), and lambda of thermal conductivity [ ,n / ****** and lambdad T 
and / in H / reference temperature (0 degree C) ] and phi are thermal conduct.v.ty. 

[OOlXn^Vdifference by (1) equation in section ** - based on a count result, change of a 
ooagu atbn rate has applied the integral profile method which carries out secondary equat.cn 
appS^ation of the heat balance equation and solid phase section temperature in a solid-hqu.d 
fnterface (interface of coagulation partial 2a and non-solidified parfal 2b) by small section ** 
w^he secondary cooling zone of a cast piece 2. That is, boundary condition^ ^ —Js 
with the secondary equation showing the solid phase sect.cn (coagulation part) temperature Ts 
Ta bottom ceremony* (2), and is shown in a bottom equation (4) (it asks or each mu *M« 
Zl! and Z2 in (2) equations using the heat balance equation (3) ,n a sohd-l.qu.d interface as a 

[OoTsTHTe^he solid phase section temperature Ts expresses the temperature distribution of a 
steady state when coagulation thickness, a coagulation rate, and thermal conductivity are called 
or moreover ^the difference by (1) type in section ** - coagulation th ck n e SS X which rt is as a 
result of count is made substitution as coagulation thickness X ,n a heat balance type (4)_ 
[0019] (4) a under-from formula type (5) and a (coagulation rate equation ask - having 
coa Jation rate dX/dt - the location of the coagulation th.ckness X - the sol.d phase 

- the basis of certain conditions - it is calculated by the bottom formula (5). 
LThT(5) Ue. C is a coagulation velocity coefficient and is for making (1) type adjust the 
calculated value in (5) types, in order [ moreover. ] to raise the count prec.s.on of the 
coa^on ^thickness X -- this example - (5) types - Runge-Kutta - it solves by law and 
asks for the coagulation thickness X. 
[0020] 

Ts=Z2, x2+Z1, and x+ZO (2) [0021] 
[Equation 2] 
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AT h dTs , LpidX (<* 

— I =— (T.I "To) T.I = T_a —I ==_ 7 TT C3) 

dx,=o X. — — dx — X '* 

1 dX 
z .,-= { (HBJOL P x — hCT^-To)} 

31. dt B - 

[0022] 
[Equation 3] 



dx -a.(l+b_*)4 ^(l^b 1 X)'f2X(2 + b 1 X)a;(T sr T.)h/(L Pl ) ^ ^ 

TT = x(2 + b ,x) 



rnrml I iauid ohase ****** [ here as opposed to / Tsl / as opposed to / in solid phase 

S/t-^»lVr^ C? P^fsZmc we ig ht and Bf ,/,amb da, .n addition, about 
Mystfor a saoonlry-cooling-of-oonorete bait part (section «). it oaloulates usmg the heat 
transfer rate h shown in a bottom type (6), for example. 
[0024] 



[Equation 4] 



-2S7-W • Q .-Cl-0.0075- (T.-30)) 



(6) 



T00251 Here Ts to which water temperature and Ts of an air flow rate and Tw are [ a circulating 

and Qa ] the temperature of *e solid ^•^-^^ rt,d 
2a) of a cast piece 2. and W gave x= 0 is the temperature of x- 0 location, i.e.. the outs.de 
surface location of the solid phase section of a cast piece 2. 

srroaTp^^^^ 

by the coagulation thickness equation of (2) - (7) equation. 

[0027] 

[Equation 5] 

dX _ D (7) 
(S t -X) n 

[0028] Here St is 1/2 of the thickness of a cast piece 2, and n is a coagulation terminal 
SBfS S'iSSS?? . (x= 0) of coagulation rate dX/dt of the cast piece 2 in section 
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** and ** the coagulation thickness X, and a cast piece 2 is computed by (2) - (7) type 
mentioned above. In addition, based on the skin temperature Ts (x= 0) of a cast piece 2, the heat 
transfer rate h of a cast piece 2 is searched for. „,._,_. _ u * 

[0030] Now it is necessary to get to know the temperature/rate of solid phase near the core ot 
non-solidified partial 2b of a cast piece 2 in the lightly pressurizing control to a cast piece 2. 
Then the temperature distribution f of non-solidified partial 2b in a certain time amount t 
(epsilon) are assumed, these temperature distribution f (epsilon) are substituted for (9) types, 
and the main temperature Tent of non-solidified partial 2b is searched for so that .t may be 
satisfied with this example of a boundary condition type as shown by the bottom type W us.ng 
the coagulation thickness data computed based on (2) - (7) type. That is. the coagulation 
thickness X (non-solidified thickness E). cast piece skin temperature, the solid phase section 
temperature gradient in a solidification position, and a cast piece surface heat transfer rate a 
calculated using (2) - (7) type, these are substituted for a bottom type (8) and (9). and the m 
temperature Tent of non-solidified partial 2b is searched for. 



are 
main 



[0031] 

[Equation 6] ^ 

_(E) = T., =0 — = ~" 

d e ' . - o d e » - b X i a x. 



£i-«:)J n E f(OC0S(-§-« ffl >d E +T s 



(8) 



[0032] here — for time increment and cpl, the liquid phase specific heat and alpham are [ m and 
M / a degree and deltat / liquid phase specific weight and lambdal of p. / 2 and 3p. / 5p. / I 
and //2 _ rho | ] liquid phase thermal conductivity. In addition, about the heat conduct.on 
equation to non-solidified partial 2b. it develops the Fourier-series old number and an upper 
equation (9) is drawn. x j j 

[0033] Thus, based on the main temperature Tent of non-sol.dified partial 2b computed and 
predicted, the rate of solid phase of a cast piece 2 is got to know, and the lightly pressurizing 
location to a cast piece 2 is determined. 

[0034] the count result by this example (coagulation thickness equation) performed like **** 
and the difference by the ******-conversion temperature method — a comparison result with a 
count result is shown in drawing 3 (a) and (b). In addition, on the occasion of this comparison 
count the casting rate as shown in drawjngj was set up. That is, 0.50m change for /was given 
in time amount progress 5-11 minutes from a part for 1.62m/in casting rate, and prediction 
count of the transition of the rate of solid phase in the core of coagulation thickness and non- 
solidified partial 2b was carried out. 

[0035] Drawing 3 (a) and (b) are compared, and also in near the d.stance of 10m and the 
coagulation last stage from a meniscus location which carry out casting rate change, the 
coagulation thickness by both count is well in agreement so that clearly. Moreover, although the 
rates of solid phase in the core of non-solidified partial 2b differ in the change rate in the last 
solidification position somewhat, the difference can fully be used as an online model about by 

[0036]°thus the pole [ according to the prediction approach of this example ] in mold 1 part in 
early stages of coagulation - short section ** — difference, although it is necessary to set up 
somewhat many number of count cross sections in order to calculate By. applying the integral 
profile method which carries out secondary equation approximation of the heat balance equation 
and solid phase section temperature in a solid-liquid interface in section [ after a secondary 
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cooling zone ] **. and ** When prediction count of the coagulation condition by the 
mathematical modal was simplified sharply simultaneously, it was proved that sufficient 
rrSS was also obtained, and the applicability to a system online model was checked. 
Therefore based on the coagulation state-prediction result of a high precis.on, rt. is a high speed 
« \te mSp^M^ 'oration to a cast piece 2 can be predicted with a sufficent prec.s.on. 

[Effect of the Invention] As explained in full detail above, according to the temperature 
Son approach of of the cast piece the non-solidified part in the contmuous ^st.ng of th,s 
prediction app coagulation difference — henceforth [ a secondary 

,nVe .^°zoneT WhHe b^abl to simplify sharply prediction count of the coagu.ation 
: S iit^^ n»d.l by applying the integral profile method which carries out 
secondary Equation approximation of the heat balance equation and solid phase section 
temper ZreZ a solid-liquid interface, predictability can be improved, about the ^tly 
pressurizing location to a cast piece, it is highly precise and there are a high speed and 
effectiveness which can be predicted. 
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JPO and NCI PI are not responsible for any 

j caused by the use of this translation. 



TECHNICAL FIELD 



Tlndustrial Application] In case this invention performs the lightly pressurizing to a cast piece 
hat if shluXevent that impurity elements (for example. ^^^^^^ 
seereeate in the core of a continuous casting cast piece, .t ,s used .n order to determ.ne the 
bSof which should give this lightly pressurizing one, and relates to the su.tab.e temperature 
prediction approach of of a cast piece a non-solidified part 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



I.This document has been translated by computer. So the translation may not reflect the original 



precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] In the continuous casting which generally casts by drawing out a 
cast piece continuously from mold, the thickness direction core of a cast p.ece sohdifies at the 
end In this last coagulation part, molten steel constituent concentration, such as C, Mn, and P, 

varia.cn factor of mechanica. characteristics, such as 
Scement as a means to prevent the main segregation of such a cast piece the light y 
Xsu^ g % the cast piece ] is carried out to the coagulation last stage^ h-ghoonoer^on 
molten steel, such as C, Mn. and P. is eliminated from a cast piece core, and. generally the 
technique of manufacturing a homogeneous cast piece is performed. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



rEffect of the Invention] As explained in full detail above, according to the temperature 
prediction approach of of the cast piece the non-solidified part in the continuous cast.ng of this 
invention, in the mold part in early stages of coagulation difference - henceforth [ a secondary 
cooling zone 1 calculating While being able to simplify sharply pred.ct.on count of the cpagulat,on 
condition by the mathematical model by applying the integral profile method wh.ch carr.es out 
secondary equation approximation of the heat balance equation and solid phase section 
temperature in a solid-liquid interface, predictability can be improved, about the l.ghtly 
pressurizing location to a cast piece, it is highly precise and there are a high speed and 
effectiveness which can be predicted. 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way. when performing a cast j_.ece draft, 
cased on coagulation information, such as a solidification position, non-sol.d.fied thickness and a 
rate of soHd phase, it becomes important to choose pressing-down conditions appropriately. 
However n continuous casting, since there is fluctuation of the top. a bottom, or casting 
conditions a coagulation condition always changes. It is necessary to predict a coagulat.on 
condition wfth a sufficient precision on-line in order to perform draft control dynam.ca.ly 
^nrrf»<5Dondine to such condition fluctuation. 

rOOOSl a ^a means to predict a coagulation condition - difference - although count has 
Sneralfy been used - difference - in order to establish a count joint in a count cross section 
fn r! the orocessing becomes huge and the online count by a process computer etc. 
E^a^^ociS-int of a computer load. When a count joint and a count cross section 
are reduced I so tha? online count can be performed, count precision fa. s greatly and ,t becomes 
fmpossYbb on the contrary, to apply to online control. That is. in order to predict a ^at'on 
Edition on-line and to perform lightly pressurizing control, it is necessary to satisfy count 
crecision and improvement in the speed of data processing to coincidence. 
[000 Thfs -invention tends to so.ve such a technical problem, realizes the amplification of 
Prediction count of a coagulation condition and the improvement in precision by the 
mathematical model, and aims at offering the temperature ^f^^^J^.°^ 
niece the non-solidified part in continuous casting which enabled it to predict the lightly 
pressurising "ocation to a" cast piece at high speed based on the coagulat.on state-pred.ct.on 
result of a high precision. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-ment.oned purpose the 
temperature prediction approach of of the cast piece the non-solid.fied part in the continuous 
casting of this invention It is the approach of predicting the temperature of the non-sol,d.f.ed 
part of said cast piece on-line during the continuous casting which casts by draw.ng out a cast 
piece continuously from mold. ** said mold part in early stages of coagulation ~ a ****** 
conversion temperature method - applying - difference - count - the coagulat.cn condit.cn 
of said cast piece — asking - ** — in the secondary cooling zone of sa.d cast p.ece sa.d 
difference - by solving this coagulation rate equation, after asking for the coagulafon rate 
equation of said cast piece with the application of the integral profile method wh.ch carr.es out 
secondary equation approximation of the heat balance equation and sol.d phase section 
temperature in a solid-liquid interface using the result of count The temperature d.str.but.on of 
the non-solidified part of said cast piece are assumed, and it .s characterized by predicting .the 
main temperature of said cast piece based on the temperature distribut.cn of th.s non-sol.dmed 
part so that it may ask for the coagulation thickness of said cast p.ece and the predeterm.ned 
boundary condition type using ** this coagulation thickness may be sat.sfied. 
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OPERATION 



[Function] According to the temperature prediction approach of of the cast piece the n on 
solidified part in the continuous casting of this invention mentioned above, .n the mold part ,n 
early stages of coagulation The coagulation condition of a cast piece ,s searched for by count 
"nee change of thermal flux is sharp - a ******-conversion temperature method - applying 

- difference - henceforth [ the secondary cooling zone of a cast p.ece ] since change of the 
coagulation rate of a cast piece becomes small - difference - the integral profile method 
which carries out secondary equation approximation of the heat balance equation and sohd 
phase section temperature in a solid-liquid interface while using the result of count - applying 

- a coagulation rate equation - the coagulation thickness of a cast p.ece .s further called for 
from this coagulation rate equation. 

f0009] And the temperature distribution of the non-solidified part of a cast piece are assumed, 
and the main temperature of a cast piece is predicted based on the temperature d.stnbufon so 
that the predetermined boundary condition type using the called-for coagulat.cn th.ckness may 

[0010] thfpole in the mold part in early stages of coagulation - the short section - difference 

- in order to calculate , it be necessary to set up somewhat many number of count cross 
sections but , and henceforth [ a secondary cooling zone ] . it be apply the mtegral profile 
method which car^ out seconder equation approximation of the heat •^^ ,,d 
phase section temperature in a solid-liquid interface and ,f predict.on count of the ooagubtion 
condition by the mathematical model be simplify simultaneously , suffic.ent pred.ctabilrty be also 
obtain . 
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EXAMPLE 



[Example] Hereafter, if a drawing explains the temperature prediction approach of of the cast 
Piece the non-solidified part in the continuous casting as one example of th.s invention, drawing 
1 will be drawing showing the cast piece model under continuous casting ; to which th.s approach 
is applied, and its system of coordinates, and will be set to th.s draw^gj It .s the cast piece by 
which 1 is drawn out to mold and 2 is continuously drawn out from th.s mold 1m. vertical lower 
part and this cast piece 2 has coagulation partial (solid phase section) 2a gradua ly formed ,n 
connection with drawing out, and non-solidified partial (l.qu.d phase section) 2b of the method of 
the inside of coagulation partial 2a. . . 

[0012] However, in drawing 1 , although the drawing-out d.rect.on of the cast p.ece 2 from mold 
1 is drawn horizontally, the longitudinal direction of dnawin_L_l corresponds in the direction of a 
vertical, and the right in drawing! has become a vertical lower part. Moreover, the thickness 
(coagulation thickness) of coagulation partial 2a is expressed by the x ax, which makes forward 
the direction which sets the outermost shell location of a cast p.ece 2 to 0 and 'ntersects 
perpendicularly with a cast piece thickness center line (alternate long and short dash line), and 
sets coagulation thickness in time of day t to X (t). Similarly, the th.ckness (non-sol.d,fied 
thickness) of non-solidified partial 2b is expressed by epsilon shaft wh.ch makes forward the 
direction which sets a cast piece thickness center. position to 0 and intersects perpendicularly 
with the outermost shell side of a cast piece 2, and sets non-sol.d.fied th.ckness m time of day t 

[0013] The main temperature Tent of non-solidified partial 2b . of a- cast piece 2 is predicted on- 
line during the continuous casting which casts in this example while draw.ng out a cast piece 2 
continuously from mold 1, as shown in dj^wingjL . Based on the main temperature of the cast 
piece 2 in the coagulation last stage, the rate of solid phase of a cast piece 2 tends to be got to 
know, it is going to determine the lightly pressurizing location to a cast p.ece 2 and the 
prediction procedure of the main temperature Tent of the non-sol.d.fied partial 2b by th.s 
invention is explained below. t , 

[0014] The mathematical model (coagulation thickness equation) of th.s example is explained 
first, following the (1) type according to a ******-conversion temperature method at the early 
stages of coagulation, since change of thermal flux is sharp in near section [ of mold 1 J ** 
applying - difference - it asks for the temperature distribution of the coagulation condition 2 
of a cast piece 2, i.e., a cast piece, and the coagulation thickness X by count (the l.qu.d phase 
and solid phase). In addition, in this example, thermal flux shall be given with the function of the 
distance from a casting rate and a meniscus location on the occasion of count of section **. 
[0015] 
[Equation 1] 

dt dx 2 Xa 
[0016] Here, conversion temperature (physical-properties value which changed thermal 
conductivity into temperature), and lambda of thermal conductivity [ in / ****** and lambdad T 
and / in H / reference temperature (0 degree C) ] and phi are thermal conductivity. 
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[00n] e a r nd U the ] difference by (1) equation in section ** — based on a count result, change of a 
coagulation rate has applied the integral profile method which carries out secondary equation 
approximation of the heat balance equation and solid phase section temperature .n a sol.d-l.quid 
interface (interface of coagulation partial 2a and non-solidified partial 2b) by small section ** 
with the secondary cooling zone of a cast piece 2. That is boundary condition^ ^J**»™ s 
with the secondary equation showing the solid phase section (coagulation part) temperature Ts 
Ta bottom ceremony (2), and is shown in a bottom equation (4) (it asks or each mult.pl.ers ZO, 
Z1. and Z2 in (2) equations using the heat balance equation (3) in a sol.d-l.qu.d interface as a 

[OoTsTH^e solid phase section temperature Ts expresses the temperature distribution of a 
steady state when coagulation thickness, a coagulation rate, and thermal conduct™* are called 
for. moreover, the difference by (1) type in section ** - coagulation thickness X which , it is as a 
result of count is made substitution as coagulation thickness Xina heat balance type W. 
[0019] (4) a under-from formula type (5) and-a (coagulation rate equation) ask — having 
coagulation rate dX/dt — the location of the coagulation thickness X — the solid phase 

T5 - the basis of certain conditions - it is calculated by *e bottom formula (5). 
In this (5) type C is a coagulation velocity coefficient and is for making 0) type adjust the 
calculated value in (5) types, in order [ moreover, ] to raise the count precision of the 
coagulation thickness X - this example - (5) types - Runge-Kutta - it solves by law and 
asks for the coagulation thickness X. 
[0020] 

Ts=Z2, x2+Z1, and x+ZO (2) [0021] 

[Equation 2] dT., Lpifl.. 

= JL (Ts , -to) T.I -T_a —I =— •-©) 

1 dX 
Z_= — fCUBJQLpi — hCT^i-To)} 

Zl= ^5_2^ s XZ 2 Zo=-^+To 
X s dt B i 

[0022] 

[Equation 3] 

dx -a t (Hb 1 X)4^(Kb 1 X)'f2X(2^X)a!(T tl -T.)h/(Lp 1 ) ^ ^ 

TT = " x( z + b , x) " _ , 



h 



[0023] Liquid phase ****** [ here as opposed to / Tsl / as opposed to / in solid phase 
temperature and TO / cold-end temperature (water temperature) / the solid phase temperature 
Tsl in L ] C — for time amount and cps, the solid phase specific heat and lambdas are L a 
Lariat on velocity coefficient and h / the heat transfer rate [kca./(m2andh-**)] in cast piece 2 
outsTde surface, and t / solid phase specific weight and rhol of solid phase thermal conductivity 
(kcal/(m-hand**)) and rhos ] liquid phase specific weight and Bi=h/lambdas. In addition, about 
Myst for a secondary-cooling-of-concrete belt part (section **), it calculates using the heat 
transfer rate h shown in a bottom type (6), for example. 
[0024] 
[Equation 4] 
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h | =257-W • Q .• (1-0.0075- ( T v-30) ) |T . | 

[0025] Here Ts to which water temperature and Ts of an air flow rate and Tw are [ a circulating 
water flow consistency and Qa ] the temperature of the solid phase section (coagulat.on partial 
2a) of a cast piece 2. and W gave x= 0 is the temperature of x= 0 location, i.e., the outs.de- 
surface location of the solid phase section of a cast piece 2. 

[0026] Although the operation of the coagulation thickness X is performed in secondary cooling 
zone sections ** shown in drawing 1 using (2) - (6) type mentioned above, further, by 
coagulation terminal section [ of the downstream ] **, the effect of the coagulation from both 
sides of a cast piece 2 appears, and a coagulation rate becomes large quickly with coagulation 
thickness. In order to mathematize this phenomenon, the form of a bottom type (7) was 
introduced. Here, a constant D is for it being [ the coagulation rate obtained by (5) and (7) 
formulas ] in agreement, and adjusting it moreover, C in (5) and (7) equations and n — the 
difference of (1) equation — it is computed in order to adjust a count result and the count result 
by the coagulation thickness equation of (2) - (7) equation. 
[0027] 
[Equation 5] 

d X _ D (7) 

at (St _ X )* 

[0028] Here, St is 1/2 of the thickness of a cast piece 2, and n is a coagulation terminal 
coagulation rate characteristic. . 
[0029] The skin temperature Ts (x= 0) of coagulation rate dX/dt of the cast piece 2 in section 
** and **. the coagulation thickness X, and a cast piece 2 is computed by (2) - (7) type 
mentioned above. In addition, based on the skin temperature Ts (x= 0) of a cast p.ece 2, the heat 
transfer rate h of a cast piece 2 is searched for. lU r 

[0030] Now, it is necessary to get to know the temperature/rate of solid phase near the core of 
non-solidified partial 2b of a cast piece 2 in the lightly pressurizing control to a cast piece 2. 
Then the temperature distribution f of non-solidified partial 2b in a certain time amount t 
(epsilon) are assumed, these temperature distribution f (epsilon) are substituted for (9) types, 
and the main temperature Tent of non-solidified partial 2b is searched for so that .t may be 
satisfied with this example of a boundary condition type as shown by the bottom type (8; using 
the coagulation thickness data computed based on (2) - (7) type. That is, the coagulation 
thickness X (non-solidified thickness E), cast piece skin temperature, the solid phase sect.on 
temperature gradient in a solidification position, and a cast piece surface heat transfer rate are 
calculated using (2) - (7) type, these are substituted for a bottom type (8) and (9), and the main 
temperature Tent of non-solidified partial 2b is searched for. 
[0031] 

[Equations] ^ f * . d T , 

f(E)-T„ — =0 TT = "~7TI . (8) 



1 a* E 



S exp( *_,)//*( OC0S(-§-a m )d E +T SI 



p , c P 



[0032] here — for time increment and cpl, the liquid phase specific heat and alpham are [ m and 
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M / a degree and deltat / liquid phase specific weight and lambdal of pi / 2 and 3pi / 5pi / 2 
and //£ _ r hol ] liquid phase thermal conductivity. In addition, about the heat conduction 
equation to non-solidified partial 2b, it develops the Fourier-series old number and an upper 
equation (9) is drawn. 

[0033] Thus, based on the main temperature Tent of non-solidified partial 2b computed and 
predicted, the rate of solid phase of a cast piece 2 is got to know, and the lightly pressurizing 
location to a cast piece 2 is determined. 

[0034] the count result by this example (coagulation thickness equation; performed like 
and the difference by the ******-conversion temperature method — a comparison result with a 
count result is shown in drawing 3 (a) and (b). In addition, on the occasion of this comparison 
count, the casting rate as shown in drawing 2 was set up. That is, 0.50m change for /was g.ven 
in time amount progress 5-11 minutes from a part for 1.62m/in casting rate, and prediction 
count of the transition of the rate of solid phase in the core of coagulation thickness and non- 
solidified partial 2b was carried out 

[0035] Drawing 3 (a) and (b) are compared, and also in near the distance of 10m and the 
coagulation last stage from a meniscus location which carry out casting rate change, the 
coagulation thickness by both count is well in agreement so that clearly. Moreover, although the 
rates of solid phase in the core of non-solidified partial 2b differ in the change rate in the last 
solidification position somewhat, the difference can fully be used as an online model about by 

[0036]°thus, the pole [ according to the prediction approach of this example ] in mold 1 part in 
early stages of coagulation — short section ** — difference, although it is necessary to set up 
somewhat many number of count cross sections in order to calculate By applying the integral 
profile method which carries out secondary equation approximation of the heat balance equation 
and solid phase section temperature in a solid-liquid interface in section [ after a secondary 
cooling zone ] **, and ** When prediction count of the coagulation condition by the 
mathematical model was simplified sharply simultaneously, it was proved that sufficient 
predictability was also obtained, and the applicability to a system online model was checked. 
Therefore, based on the coagulation state-prediction result of a high precision, it is a high speed 
and the lightly pressurizing location to a cast piece 2 can be predicted with a sufficient precision. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the cast piece model under continuous casting to which 
temperature prediction ****** of the cast piece the non-solidified part in the continuous casting 

as one example of this invention is applied, and its system of coordinates. 

[Drawing 2] the difference by the ******-conversion temperature method — it is the graph 
which shows the casting rate used for the comparison with a count result and the count result 
by the coagulation thickness equation. 

[Drawing 3] the difference according [ (a) ] to a ******-conversion temperature method — the 
graph which shows a count result about coagulation thickness and the rate of solid phase, and 
(b) are graphs which show the coagulation thickness and the rate of solid phase which show the 
count result by the coagulation thickness equation. 
[Description of Notations] 

1 Mold 

2 Cast Piece 

2a Coagulation part (solid phase section) 

2b A non-solidified part (liquid phase section) 
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DRAWINGS 



[ Drawing 1] 
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CLAIMS 

[Claim ( 1] ] It is the approach of predicting the temperature of the non-solidified part of said cast 
Sron-lme during the continuous casting which casts by drawing out a cast piece continuous y 
from mold. In said mold part in early stages of coagulation The coagulation cond^on ofsa.d cast 
niece is searched for by count a ******-con vers ion temperature method — applying 
Xence - in the secondary cooling zone of said cast piece said difference - by so.v.ng this 
coagulation rate equation, after asking for the coagulation rate equat.cn of sa.d cast p.ece w.th 
the a plication of L integral profile method which carries out seconda ^™^ 
of the heat balance equation and solid phase section temperature .n a sol.d-liquid mterface using 
the result of count The temperature prediction approach of of the cast p.ece the non-sol,d.fied 
partTn the continuous casting characterized by assuming the temperature distnbution of the 
non-solidified part of said cast piece, and predicting the main temperature of said cast piece 
Cased on the temperature distribution of this non-solidified part so that .t may ask for the 
ccagulation thickness of said cast piece and the predetermined boundary cond,t,on type using 
this coagulation thickness may be satisfied. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Estria, Application] >n case ^invention performs »e ^^^J^T^ 
that it should prevent that .mpunty use d in order to determine the 

prediction approach of of a cast piece a non-sol. d,fied part. 
Ksin^asC^n^^^ 

reinforcement as a means to prevent *e mam high oonoentrat ion 

pressurizing of the cast p,eoe js ^.^^^ pieoe oor e. and, generally the 
S_3?5 ran^H^tm^ntus cast piece is performed. 

&(s) to he Solved hv the ^^^^^^^^ 3 
based on coagulation informal™, such as a sol ^^ n °!. down oond itions appropriately. 

H^c^= 

ttJZtt^Ztt^ Centre, dynamically 
corresponding to such condition flu ^™' .^j _ differe nce - although count has 
[0005] as a means to .predjc : a ^^^Ji a coun t joint in a count cross section 
generally been used - difference in oraer proC ess computer etc. 

in count, the processing ^"/^^^^rcoJntSririt and a count cross section 
becomes difficult by constraint of a ^J™'* count precision falls greatly and it becomes 
are reduced so that online count can be **™™**°°™ a {- iS m order to predict a coagulation 
im pcssible on the contrary, to a ^°" e ^ necessary to satisfy count 

condition on-line and to perform ^^^^^^ coincidence, 
precision and improvement ,n ^ *^^^pJL. realizes the simplification of 
[0006] This invention tends to improvement in precision by the 

prediction count of a coagulation ootid rtion and the .mpr appr0 ach of of the cast 

mathematical model, and aims at offering the it to ^edict the lightly 

piece the non-solidified part in cont,nU °"^ coagulation state-prediction 

pressurizing location to a cast p.ece at high speed based 
result of a high precision. 



[0007] 
[Means 



for Solving the Problem] In order to attain the above-mentioned purpose, the 
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te.perat.re paction approach of of th, 

p ece 0 o^n°uous,y from moid. « said moid part inearfy ^tages o ^-^on 

'conversion tempemtur. method of said oastpieoe said 

of said cast piece - asking - ** - m the secondary coo » coagulation rate 

temperature in I are assumed and" is characterized by predicting the 

the non-solidified part of sa.d cast piece are sssumed, ana non-solidified 

boundt *condZ type using ** this coegulation thickness may be satisfied. 

[Son] According to »e temperature ^^S^X^ 
solidified part in the confnuous castmg of '"«™° n ™ iece is searehed for by count 
eariy sUges »f ooaguWon T . ^ '^Tonve^mpereture method - applying - 
s nee change of thermal flux is snarp a . ohange of the 

- difference - henceforth [ the secondary coclmg *on > of a castp'ece , j ^ 
coagulation rate of a cast piece becomes small - f°™<? ^fance equation and solid 
which carries out secondary «^ ^ the result of count - applying - 

*Z3E Ite^^ss of /cast piece is further called for 

£ t ^e^ 

£^£U in the mold part in eariv 

- in order to calculate it be necessary to set ^^ VZlpp^ the integral profile 
sections but . and henceforth [a secondary °°°^*° ne ^ ^ balance equation and solid 

m ethod which carry out ^° nd ^.. eq "^ count of the coagulation 

SSrr«MSl ^"multaneou^y . sufficient predictability be also 



obtain . 



Se] Hereafter, if a drawing explains the ^^J^^^^^Sl, 
piece the non-solidmed part in the £"^^JJ£^5nf to which this approach 
1 will be drawing showing the cast piece mode \ »"™ c °™ n Rawing , . lt is the oas t piece by 

wS'Ttd?^^^ 

the inside of coagulation partial 2a. „ Sr ,^ rtlI t direction of the cast piece 2 from mold 

[0012] However, in dremil . although the ^^^^^^^ in the direction of a 
1 is drawn horizontally, the .ongitud.nal the thickness 

vertical, and the right in d^wjngj. has t"^"^™?^ x axis which makes forward 
(coagulation thickness) of coagulat.cn partial 2a ' s iece 2 to 0 , and intersects 

the direction which sets the outermost shell i ^^ ( ^J^ mg and short dash line), and 
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with the outermost shell side of a cast piece 2, and sets non-solidified thickness in time of day t 

[0013]The main temperature Tent of non-solidified partial 2b of a cast piece 2 is predicted on- 
line during the continuous casting which casts in this example while drawing out a cast piece 2 
continuously from mold 1, as shown in drawing.! . Based on the main temperature of the cast 
piece 2 in the coagulation last stage, the rate of solid phase of a cast piece 2 tends to be got to 
know it is going to determine the lightly pressurizing location to a cast piece 2, anc I the 
prediction procedure of the main temperature Tent of the non-solidified partial 2b by this 
invention is explained below. . 
[0014] The mathematical model (coagulation thickness equation) of this example is explained 
first following the (1) type according to a ******-conversion temperature method at the early 
stages of coagulation, since change of thermal flux is sharp in near section [ of mold 1 J ** 
applying — difference — it asks for the temperature distribution of the coagulation condition 2 
of a cast piece 2, i.e., a cast piece, and the coagulation thickness X by count (the liquid phase 
and solid phase). In addition, in this example, thermal flux shall be given with the function of the 
distance from a casting rate and a meniscus location on the occasion of count of seebon **. 
[0015] 
[Equation 1] 

p — =;u <t>=—-fx<n u; 

dt dx 2 ^ 
[0016] Here, conversion temperature (physical-properties value which changed thermal 
conductivity into temperature), and lambda of thermal conductivity [ in / ****** and lambdad T 
and / in H / reference temperature (0 degree C) ] and phi are thermal conductivity. 
[ temperature ] ^ . _. 

[0017] and the difference by (1) equation in section ** — based on a count result, change of a 
coagulation rate has applied the integral profile method which carries out secondary equation 
approximation of the heat balance equation and solid phase section temperature in a sol.d-hqu.d 
interface (interface of coagulation partial 2a and non-solidified partial 2b) by small section ** 
with the secondary cooling zone of a cast piece 2. That is, boundary condition which assumes 
with the secondary equation showing the solid phase section (coagulation part) temperature Ts 
at a bottom ceremony (2). and is shown in a bottom equation (4) (it asks for each mult.pl.ers ZO, 
Z1, and Z2 in (2) equations using the heat balance equation (3) in a solid-liquid interface as a 
bottom equation (4).) . , 

[0018] Here, the solid phase section temperature Ts expresses the temperature distribution of a 
steady state when coagulation thickness, a coagulation rate, and thermal conductivity are called 
for moreover, the difference by (1) type in section ** — coagulation thickness X which it is as a 
result of count is made substitution as coagulation thickness X in a heat balance type (4;^ 
[0019] (4) a under-from formula type (5) and a (coagulation rate equation) ask — "having 
coagulation rate dX/dt — the location of the coagulation thickness X — the sol.d phase 
temperature Tsl - the basis of certain conditions — it is calculated by the bottom formula (5). 
In this (5) type, C is a coagulation velocity coefficient and is for making (1) type adjust the 
calculated value in (5) types, in order [ moreover. ] to raise the count precision of the 
coagulation thickness X - this example - (5) types - Runge-Kutta - it solves by law and 
asks for the coagulation thickness X. 
[0020] 

Ts=Z2, x2+Z1, and x+ZO (2) [0021] 
[Equation 2] 
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^| =— (T.I -To) T.I — "I =-T-- ® 

1 dX 
Z v= { Cl-»fi±X)L p i — hCT^.-To)} 

Zi= ^.?_ 2 , s XZ 2 Zo=-^ + To 

[0022] 
[Equation 3] 



d x -a f (Hb ] X)4^(H-b 1 X)'f2X(2^b 1 X) a ;(T, r T t )h/(L Pl ) ^ 
Tt~ = X( 2 + b j X) 

h 

b i = a . = 



T0023] Liquid phase ****** [ here as opposed to / Tsl / as opposed to / in solid phase 
tZeraiure and TO / cold-end temperature (water temperature) / the solid phase temperature 
■■•■TsMrriLl 0 ~ for time amount and ops. the solid phase specific heat and lambdas are [ a 
collation velocity coefficient and h / the heat transfer rate [kcal/(m2andh-**)] in cast piece 2 
outs^e turface, and t / solid phase specific weight and rhol of solid phase 
°kcal/(m-hand**)) and rhos ] liquid phase specific weight and B.=h/lambdas. In addition, about 
Myst; for a secondary-cooling-of-concrete belt part (section **). it calculates using the heat 
transfer rate h shown in a bottom type (6), for example. 
[0024] 

[Equation 4] 1 - „ t » • 

h| =257-W°" SI -Q.-(1-0.0075-(Tw-30))|t. | J (6) 

[0025] Here. Ts to which water temperature and Ts of an air flow rate and Tw are [ a circulating 
wSer flow consistency and Qa ] the temperature of the solid phase section (coagulation partial 

of a cast piece 2. and W gave x= 0 is the temperature of x= 0 location, i.e.. the outs.de- 
surface location of the solid phase section of a cast piece 2. 

Wd/SC the operation of the coagulation thickness X is performed i™da„ 
zone sections ** shown in drawing 1 using (2) - (6) type mentaoned above, further, by 
coagulation terminal section [ of the downstream ] **. the effect of the coagulation from both 
side^S ' casTpi.ce 2 appears, and a coagulation rate becomes large quickly w,th coagulafon 

Sed^^ 
=e^^ 

by the coagulation thickness equation of (2) - (7) equation. 

[0027] 

[Equation 5] 

d X _ D (7) 
d t (St _x) n 

[0028] Here. St is 1/2 of the thickness of a cast piece 2. and n is a coagulation terminal 
S.ThT ST ttTefat^ (x= 0) of coagu,ation rate dX/dt of the cast piece 2 in section 
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** and ** the coagulation thickness X, and a cast piece 2 is computed by (2) - (7) type 
mentioned above. In addition, based on the skin temperature Ts (x= 0) of a cast p.ece 2, the heat 
transfer rate h of a cast piece 2 is searched for. 

[0030] Now, it is necessary to get to know the temperature/rate of solid phase near the core of 
non-solidified partial 2b of a cast piece 2 in the lightly pressunz.ng control to a cast p.ece 2. 
Then, the temperature distribution f of non-solidified partial 2b in a certain time «™*t 
epsi Ion) are assumed, these temperature distribution f (epsilon) are substituted for (9 types, 
and the main temperature Tent of non-solidified partial 2b ,s search ed for so that * may be 
satisfied with this example of a boundary condition type as shown by the bottom type (8) us.ng 
the coagulation thickness data computed based on (2) - (7) type Thrf is. foagulat.on 
thickness X (non-solidified thickness E), cast piece skin temperature, the solid phase section 
temperatu re gradient in a solidification position, and a cast piece surface heat transfer rate are 
cab Jated using (2) - (7) type, these are substituted for a bottom type (8) and (9), and the ma.n 
temperature Tent of non-solidified partial 2b is searched for. 
[0031] 

[Equation 6] ^ f . d T , 

f (E) = T.i I =0 — = 

de'.-o de'.-E a. i a x 



(8) 



(9) 



[0032] here - for time increment and cpl, the liqu.d phase specific heat and alpham , are [ rr and 
M / a degree and deltat / liquid phase specific weight and lambdal of p. / 2 and 3p. / 5p. / 2 
and //2 - rhol ] liquid phase thermal conductivity. In addition, about the heat conduction 
equation to non-solidified partial 2b. it develops the Fourier-series old number and an upper 

W^tatln the main temperature Tent of non-so.idified partial 2b computed and 
predicted the rate of solid phase of a cast piece 2 is got to know, and the lightly pressunz.ng 
location to a cast piece 2 is determined. 

[0034] the count result by this example (coagulation thickness equation) performed like ****. 
and the difference by the ******-conversion temperature method - a comparison result with a 
count result is shown in drawing 3 (a) and (b). In addition, on the occas.on of this comparison 
count the casting rate as shown in drawing 2 was set up. That is. 0.50m change for /was g-ven 
"time amount progress 5-11 minutes from a part for 1 .62m/in casting rate, and Prediction 
count of the transition of the rate of solid phase in the core of coagulation thickness and non 
solidified partial 2b was carried out. 

[0035] Drawing 3 (a) and (b) are compared, and also in near the distance of 10m and the 
coagula*onTasrstage from a meniscus location which carry out casting rate change, the 
coagulation thickness by both count is well in agreement so that clearly Moreover, although the 
rateTof solid phase in the core of non-so.idified partial 2b differ in Whangs rate m the _lart 
solidification position somewhat, the difference can fully be used as an onlme model about by 

[0 n 0 y 36 0 ] 0 thus, the pole [ according to the prediction approach of this example ] in mold 1 part in 
early stages of coagulation - short section ** ~ difference, although ,t ,s necessary to set up 
somewhat many number of count cross sections in order to calculate By applying the Integra 
Profit: "method which carries out secondary equation approximation of the heat ba an- Ration 
and solid phase section temperature in a solid-liquid interface in sect.on [ after a secondary 
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cooline zone ] **. and ** When prediction count of the coagulation condition by tt>e 
mathematica model was simplified sharply simultaneously, it was proved that sufficient 
predictability was also obtained, and the applicability to a system onl.ne model was checked. 
Therefore based on the coagulation state-prediction result of a high precs.on. it. is a high speed 
Ind ie^t" pressurizing location to a cast piece 2 can be predicted with a sufficient precs.on. 

[Effect of the Invention] As explained in full detail above, according to the temperature 
Prediction approach of of the cast piece the non-solidified part in the continuous casting of this 
preaiuuo vv> coagulation difference — henceforth [ a secondary 

coX" ZVotu^wt^^to » sharply prediction count of the coagulation 

mathematical model by applying the integral profile method which cames out 
secondary equation approximation of the heat balance equafon and solid phase sect on 
temperature in a solid-liquid interface, predictability can be improved, about the ^hghtly 
pressurizing location to a cast piece, it is highly precise and there are a h.gh speed and 
effectiveness which can be predicted. 
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TECHNICAL FIELD 



[Industrial Application] In case this invention performs the lightly pressurizing to a cast piece 
that it should prevent that impurity elements (for example, carbon, manganese, phosphorus etc.) 
segregate in the core of a continuous casting cast piece, it is used in order to determine the 
location which should give this lightly pressurizing one, and relates to the su.table temperature 
prediction approach of of a cast piece a non-solidified part. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2006/06/21 



JP,05-123842,A [PRIOR ART] 



* NOTICES * 

JPO and NC1PI are not responsible for any 
damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the original 



precisely. , 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] In the continuous casting wh.ch generally casts by ^draw ng out a 
cast piece continuously from mold, the thickness direction core of a cast p.ece sohd.fies at the 
end In this last coagulation part, molten steel constituent concentration, such as C. Mn. and P, 

^^^^Z^ variation factor of mechanica, character^, such as 
reinforcement, as a means to prevent the main segregation of such a cast p.ece the l.ght y 
pressurizing [ of the cast piece ] is carried out to the coagulation last stage^ h.gh concentrate 
molten steel, such as C, Mn, and P, is eliminated from a cast piece core, and, generally the 
technique of manufacturing a homogeneous cast piece is performed. 
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EFFECT OF THE INVENTION 



rEffect of the Invention] As explained in full detail above, according to the temperature 
prediction approach of of the cast piece the non-solidified part in the -ntmuous cas ,ng of th.s 
P . • T hA mo!d Dart in ear | v sta ges of coagulation difference — henceforth [ a secondary 
ZZ ^eT^Z^^l^e to sim'p.ify sharp,y prediction count of the coagulation 
ccndWon by i, mathematical model by applying the integral profile method which carnes out 
secondary equation approximation of the heat balance equafon and s ol,d phase sect on 
temperature in a solid-liquid interface, predictability can be improved, about the ^ghtly 
pressurizing location to a cast piece, it is highly precse and there are a h,gh speed and 
effectiveness which can be predicted. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way, when performing a cast piece draft, 
based on coagulation information, such as a solidification position, non-sol.dified thickness and a 
rate of solid phase, it becomes important to choose pressing-down condrtions appropriately. 
However in continuous casting, since there is fluctuation of the top, a bottom, or casting 
conditions, a coagulation condition always changes. It is necessary to predict a coagulation 
condition with a sufficient precision on-line in order to perform draft control dynamically 
corresponding to such condition fluctuation. 

[0005] as a means to predict a coagulation condition — difference — although count has 
generally been used — difference — in order to establish a count joint in a count cross section 
in count, the processing becomes huge and the online count by a process computer etc. 
becomes difficult by constraint of a computer load. When a count joint and a count cross section 
are reduced so that online count can be performed, count precision falls greatly and it becomes 
impossible on the contrary, to apply to online control. That is, in order to predict a coagulation 
condition on-line and to perform lightly pressurizing control, it is necessary to satisfy count 
precision and improvement in the speed of data processing to coincidence. 
[0006] This invention tends to solve such a technical problem, realizes the simplification of 
prediction count of a coagulation condition and the improvement in precision by the 
mathematical model, and aims at offering the temperature prediction approach of of the cast 
piece the non-solidified part in continuous casting which enabled it to predict the lightly 
pressurizing location to a cast piece at high speed based on the coagulation state-pred.ct.on 
result of a high precision. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 
temperature prediction approach of of the cast piece the non-solidified part in the continuous 
casting of this invention It is the approach of predicting the temperature of the non-solidified 
part of said cast piece on-line during the continuous casting which casts by drawing out a cast 
piece continuously from mold. ** said mold part in early stages of coagulation — a ******- 
conversion temperature method — applying — difference — count — the coagulation condition 
of said cast piece — asking — ** — in the secondary cooling zone of said cast piece said 
difference — by solving this coagulation rate equation, after asking for the coagulation rate 
equation of said cast piece with the application of the integral profile method which carries out 
secondary equation approximation of the heat balance equation and solid phase section . 
temperature in a solid-liquid interface using the result of count The temperature distribution of 
the non-solidified part of said cast piece are assumed, and it is characterized by predicting the 
main temperature of said cast piece based on the temperature distribution of this non-solidified 
part so that it may ask for the coagulation thickness of said cast piece and the predetermined 
boundary condition type using ** this coagulation thickness may be satisfied. 
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OPERATION 

[Function] According to the temperature prediction approach of of the cast piece the non- 
solidified part in the continuous casting of this invention mentioned above, in the mold part in 
early stages of coagulation The coagulation condition of a cast piece is searched for by count, 
since change of thermal flux is sharp — a ******-conversion temperature method — applying - 

- difference — henceforth [ the secondary cooling zone of a cast piece ] since change of the 
coagulation rate of a cast piece becomes small — difference — the integral profile method 
which carries out secondary equation approximation of the heat balance equation and solid 
phase section temperature in a solid-liquid interface while using the result of count — applying - 

- a coagulation rate equation — the coagulation thickness of a cast piece is further called for 
from this coagulation rate equation. 

[0009] And the temperature distribution of the non-solidified part of a cast piece are assumed, 
and the main temperature of a cast piece is predicted based on the temperature distribution so 
that the predetermined boundary condition type using the called-for coagulation thickness may 
be satisfied. 

[001 0] the pole in the mold part in early stages of coagulation — the short section — difference 

- in order to calculate , it be necessary to set up somewhat many number of count cross 
sections but , and henceforth [ a secondary cooling zone ] , it be apply the integral profile 
method which carry out secondary equation approximation of the heat balance equation and solid 
phase section temperature in a solid-liquid interface , and if prediction count of the coagulation 
condition by the mathematical model be simplify simultaneously , sufficient predictability be also 
obtain . 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 

[Example] Hereafter, if a drawing explains the temperature prediction approach of of the cast 
piece the non-solidified part in the continuous casting as one example of this invention, drawin g 
1 will be drawing showing the cast piece model under continuous casting to which this approach 
is applied, and its system of coordinates, and will be set to this drawingj . It is the cast piece by 
which 1 is drawn out to mold and 2 is continuously drawn out from this mold 1 in a vertical lower 
part, and this cast piece 2 has coagulation partial (solid phase section) 2a gradually formed in 
connection with drawing out. and non-solidified partial (liquid phase section) 2b of the method of 
the inside of coagulation partial 2a. 

[0012] However, in drawin g 1 , although the drawing-out direction of the cast piece 2 from mold 
1 is drawn horizontally, the longitudinal direction of drawing 1 corresponds in the direction of a 
vertical, and the right in drawi n g 1 has become a vertical lower part Moreover, the thickness 
(coagulation thickness) of coagulation partial 2a is expressed by the x axis which makes forward 
the direction which sets the outermost shell location of a cast piece 2 to 0, and intersects 
perpendicularly with a cast piece thickness center line (alternate long and short dash line), and 
sets coagulation thickness in time of day t to X (t). Similarly, the thickness (non-solidified 
thickness) of non-solidified partial 2b is expressed by epsilon shaft which makes forward the 
direction which sets a cast piece thickness center position to 0, and intersects perpendicularly 
with the outermost shell side of a cast piece 2, and sets non-solidified thickness in time of day t 

to E to- . o • 

[001 3] The main temperature Tent of non-solidified partial 2b of a cast piece 2 is predicted on 

line during the continuous casting which casts in this example while drawing out a cast piece 2 

continuously from mold 1, as shown in drawing 1 . Based on the main temperature of the cast 

piece 2 in the coagulation last stage, the rate of solid phase of a cast piece 2 tends to be got to 

know, it is going to determine the lightly pressurizing location to a cast piece 2, and the 

prediction procedure of the main temperature Tent of the non-solidified partial 2b by this 

invention is explained below. 

[0014] The mathematical model (coagulation thickness equation) of this example is explained, 
first, following the (1) type according to a ******-conversion temperature method at the early 
stages of coagulation, since change of thermal flux is sharp in near section [ of mold 1 ] ** — 
applying — difference — it asks for the temperature distribution of the coagulation condition 2 
of a cast piece 2, i.e., a cast piece, and the coagulation thickness X by count (the liquid phase 
and solid phase). In addition, in this example, thermal flux shall be given with the function of the 
distance from a casting rate and a meniscus location on the occasion of count of section **. 
[0015] 
[Equation 1] 
dH d 2 ^ 1 

p = A* <t> = Z*dT CD 

dt dx 2 Xd 

[0016] Here, conversion temperature (physical-properties value which changed thermal 
conductivity into temperature), and lambda of thermal conductivity [ in / ****** and lambdad T 
and / in H / reference temperature (0 degree C) ] and phi are thermal conductivity. 
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0017] and the difference by (1) equation in section ** - based cn a count result, change of a 
coagulation rate has applied the integral profile method which carries out secondary equat.on 
approximation of the heat balance equation and solid phase sect.cn temperature n a sol.d-l.qu,d 
fnterfac^ (interface of coagulation partial 2a and non-solidified partial 2b) by smal section ** 
with the secondary cooling zone of a cast piece 2. That is. boundary condition wh.ch assumes 
wfch Te lecondar^ equation showing the solid phase section (coagulation part) temperature Ts 
at a bottom ceremony (2). and is shown in a bottom equation (4) (it asks or fff multipliers ZO, 
Z1 and Z2 in (2) equations using the heat balance equation (3) in a sol.d-l.quid .nterface as a 

K»£ftE lolid phase section temperature Ts expresses the temperature distribution of a 
steady state when coagulation thickness, a coagulation rate, and thermal conduct,^ are calbd 
for moreover, the difference by (1) type in section ** - coagulation thickness X wh.ch , rt is as a 
result of count is made substitution as coagulation thickness X .n a heat balance type (4). 
[0019] (4) a under-from formula type (5) and a (coagulation rate equation) ask - having ~ 
coagulation rate dX/dt — the location of the coagulation th.ckness X — the^solid phase 
temperature Tsl - the basis of certain conditions - it is calculated by the ^bottom formula (5) 
In tinis (5) type, C is a coagulation velocity coefficient and is for mak.ng (1) type adjust the 
calculated value in (5) types, in order [ moreover, ] to raise the count precision of the 
coagubtion thickness X - this example - (5) types - Runge-Kutta - it so.ves by law and 
asks for the coagulation thickness X. 
[0020] 

Ts=Z2, x2+Z1. and x+ZO (2) [0021] 
[Equations 

— I =— (T.I -To) T.I -T-. —I "ft® 
dX 

-f(l+B-X)L/>i — h(T s i-To)} 



2 IJ^+BJO * C4) 

X s dt -B* 

[0022] 

[Equation 3] 

dx -a x (l>b ] X)4^(H-b 1 X)'f2X(2^)^(T tl -Tjh/(Lp 1 ) ^ ^ 

Tt~ = . X(2 + b,X) 

- h --- * • 

b ! = a.=- 

X . P . c „ . 

T0023] Liquid phase ****** [ here as opposed to / Tsl / as opposed to / in solid phase 
emperature and TO / cold-end temperature (water temperature) / the solid phase temperature 
Tsl in L].C- for time amount and cps. the solid phase specific heat and lambdas are [ a 
coagulation velocity coefficient and h / the heat transfer rate [kcal/(m2andh-**)] in cast piece 2 
outsTdeTurface, and t / solid phase specific weight and rhol of solid phase thermal conductivity 
°kcal/(m-hand**)) and rhos ] liquid phase specific weight and Bi=h/lambdas. In addition, about 
Myst for a secondary-cooling-of-concrete belt part (section **), * calculates using the heat 
transfer rate h shown in a bottom type (6), for example. 
[0024] 
[Equation 4] 
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[0025] Here, Ts to which water temperature and Ts of an air flow rate and Tw are [ a circulating 
water flow consistency and Qa ] the temperature of the solid phase section (coagulation partial 
2a) of a cast piece 2, and W gave x= 0 is the temperature of x= 0 location, i.e.. the outs.de- 
surface location of the solid phase section of a cast piece 2. 

[0026] Although the operation of the coagulation thickness X is performed in secondary cooling 
zone sections ** shown in drawing 1 using (2) - (6) type mentioned above, further, by 
coagulation terminal section [ of the downstream ] **. the effect of the coagulation from both 
sides of a cast piece 2 appears, and a coagulation rate becomes large quickly with coagulation 
thickness. In order to mathematize this phenomenon, the form of a bottom type (7) was 
introduced Here, a constant D is for it being [ the coagulation rate obtained by (5) and U) 
formulas ] in agreement, and adjusting it moreover, C in (5) and (7) equations and n the 
difference of (1) equation - it is computed in order to adjust a count result and the count result 
by the coagulation thickness equation of (2) - (7) equation. 
[0027] 
[Equation 5] 

d X _ D (7) 

dt (s t -x) tt 

[0028] Here, St is 1/2 of the thickness of a cast piece 2, and n is a coagulation terminal 
coagulation rate characteristic. . 
[0029] The skin temperature Ts (*= 0) of coagulation rate dX/dt of the cast piece 2 in section 
** and **, the coagulation thickness X, and a cast piece 2 is computed by (2) - (7) type 
mentioned above. In addition, based on the skin temperature Ts (x= 0) of a cast piece 2, the heat 
transfer rate h of a cast piece 2 is searched for. 

[0030] Now it is necessary to get to know the temperature/rate of solid phase near the core ot 
non-solidified partial 2b of a cast piece 2 in the lightly pressurizing control to a cast piece 2. 
Then the temperature distribution f of non-solidified partial 2b in a certain time amount . t 
(epsilon) are assumed, these temperature distribution f (epsilon) are subst.tuted for (9) types, 
and the main temperature Tent of non-solidified partial 2b is searched for so that it may be 
satisfied with this example of a boundary condition type as shown by the bottom type (8) using 
the coagulation thickness data computed based on (2) - (7) type. That is, the coagulat.on 
thickness X (non-solidified thickness E), cast piece skin temperature, the sohd phase section 
temperature gradient in a solidification position, and a cast piece surface heat transfer rate are 
calculated using (2) - (7) type, these are substituted for a bottom type (8) and (9). and the main 
temperature Tent of non-solidified partial 2b is searched for. 
[0031] 

[Equation 6] " i . d T , 

f( E ) = T., — =o — ; (8) 



-|-5«P(-^-:)/."'C)0QS(-|-..)d.+T. 1 (9) 



P l c p, 

[0032] here — for time increment and cpl, the liquid phase specific heat and alpham are [ m and 
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M / a degree and deltat / liquid phase specific weight and lambdal of p. / 2 and 3 P . / 5p. / 2 
and //I- rhol ] liquid phase thermal conductivity. In addition, about the heat conduction 
equation to non-solidified partial 2b, it develops the Fourier-series old number and an upper 

'bate" on the main temperature Tent of non-solidified partial 2b computed and 
predicted ie rate of solid phase of a cast piece 2 is got to know, and the hghtly pressuring 
location to a cast piece 2 is determined. 

0034] the count result by this example (coagulation thickness equat.cn) performed like **** 
and the difference by the ******-conversion temperature method - a comparison result wrth a 
count result is shown in drawing 3 (a) and (b). In addition, on the occas.on of th.s companson 
count the casting rate as shown in dr^Kl was set up. That is. 0.50m change for /was given 
Tn time amount progress 5-11 minutes from a part for 1 .62m/in casting rate and pred.ct.on 
count onhe transitTon of the rate of solid phase in the core of coagulation thickness and non- 
solidified partial 2b was carried out 

[0035] Drawings (a) and (b) are compared, and also in near the distance of 10m and the 
coagulaT^tTstage from a meniscus location which carry out cast.ng rate change the 
collation thickness by both count is well in agreement so that clearly Moreover, although the 
ratefof solid phase in the core of non-solidified partial 2b differ in the change rate ,r . the last 
solidification position somewhat, the difference can fully be used as an onl.ne model about by 

[OMefLs, the pole [ according to the prediction approach of this example ] in mold 1 part in 
early stages of coagulation - short section ** - difference, although * .s necessary to set up 
somewhat many number of count cross sections in order to calculate By applying the 'ntegra 
profiTe method "which carries out secondary equation approximation of the ^^equrton 
and solid phase section temperature in a solid-liquid interface m sect, on [ after a secondary 
cooling zone ] **. and ** When prediction count of the coagulation condition by the 
mathematical model was simplified sharply simultaneously, it was proved that ^ffio.ent 
predictability was also obtained, and the applicability to a system onhne model was checked 
Therefore, based on the coagulation state-prediction result of a h.gh precision, .t is a h.gh speed 
and X ightly pressurizing location to a cast piece 2 can be predicted wrth a sufficient prec.s.on. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the cast piece model under continuous casting to which 
temperature prediction ****** of the cast piece the non-solidified part in the continuous casting 
as one example of this invention Js applied, and its system of coordinates. 
[Drawing 2] the difference by the ******-conversion temperature method — it is the graph 
which shows the casting rate used for the comparison with a count result and the count result 
by the coagulation thickness equation. 

[Drawing^] the difference according [ (a) ] to a ******-conversion temperature method — the 
graph which shows a count result about coagulation thickness and the rate of solid phase, and 
(b) are graphs which show the coagulation thickness and the rate of solid phase which show the 
count result by the coagulation thickness equation. 
[Description of Notations] 

1 Mold 

2 Cast Piece 

2a Coagulation part (solid phase section) 

2b A non-solidified part (liquid phase section) 
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DRAWINGS 



[Drawing 1] 




&mtm min 



[Drawi ng 3] 
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